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ABSTRACT

SHARC 11 is a 350 um facility camera for the Caltech Submillimeter Observatory (CSO) expected to come
on-line in 2002. The key component of SHARC II is a 12x32 array of doped silicon “pop-up” bolometers
developed at NASA/Goddard and delivered to Caltech in March 2002. Each pixel is 1 mm x 1 mm, coated
with a 400 (¥square bismuth film, and located A/4 above a reflective backshort to maximize radiation
absorption. The pixels cover the focal plane with >95% filling factor. Each doped thermistor occupies
nearly the full area of the pixel to minimize 1/f noise. We report some results from the first cold
measurements of this array. The bolometers were located inside a dark cover, and 4x32 pixels were read
simultaneously. In the best 25% of winter nights on Mauna Kea, SHARC Il is expected to have an NEFD
at 350 um of 1 Jy s"? or better.

BOLOMETER ARRAY DESIGN AND READOUT ELECTRONICS
The 12x32 bolometer array for SHARC II was completed in March 2002. In addition to fulfilling the need

for a larger format CSO camera, the SHARC Il array also serves as a prototype for the array to be
constructed for HAWC on SOFIA'.

Figure 1: Focal plane of 12x32 SHARC I bolometer array. Only 4 pixels failed mechanically.

Pop-up arrays are built by first manufacturing flat 1x32 rows of bolometers on silicon wafers via
photolithography and micromachining®. Each row is folded over the edge of a thin ceramic bus bar to hide
the electrical leads behind the focal plane. The pixels (I mm x 1 mm) and thermally-isolating legs (4 each
16 pm wide x 420 pum long) are patterned from 1 um thick silicon membrane, and the folds produce 90
degree twists in the legs. Many rows — 12 in this case — are stacked to produce a two-dimensional array
with >95% areal filling factor (Figure 1). To optimize the ~400 um performance of SHARC II, a 400
CVsquare absorbing film was evaporated on the bolometers, and the gold-plated edge of each bus bar was
located 100+10 pm behind the bolometers, producing a theoretical radiation absorption efficiency of >90%.
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The bolometer array is cooled by a *He refrigerator to 0.3 K and is supported from a 4 K housing by a
kinematic Kevlar suspension. The 768 leads from the bolometers cross this temperature interface via
micromachined polyimide bridge wires onto which a metal film has been evaporated. Each wire is
approximately 20 um x 2 um x 3 mm long. The 4 K housing also contains connectors and slots for 3
readout drawers and incorporates multiple heat sinks and radiation shields to prevent the 90 mW readout
power from affecting the bolometer performance (Figure 2).
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Figure 2: Mechanical overview of SHARC I detector.
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Each readout drawer contains 128 SiCr load resistors and 128 JFETs to service a 4x32 section of the
bolometer array. The load resistances are sufficiently large so that their Johnson noise is only a minor
contributor to the total system noise, despite being relatively warm (Figure 3). The JFETs are located on a
ceramic island thermally isolated with Vespel tubes and electrically accessed via polyimide bridge wires.
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Figure 3 (left): Basic readout circuit for SHARC Il pixels. Under the radiation load of 120 pW. the pixel
warms considerably above the base temperature of 0.3 K and experiences a photon noise NEP of 6 <10

W Hz'?. The 120 M2 load resistors warm to 5.2 K by virtue of being inside the readout drawer with the
120 K JFETSs.

Figure 4 (right): Noise spectrum of prototype SHARC Il bolometer. The 1/f noise is in reasonable
agreement with an empirical model for the doped silicon thermistors’.



In order to facilitate scanning or nodding observing modes with slow optical modulations, the baseline
SHARC Il amplifier is an AC-biased “total power” readout™. To achieve the requisite detector stability,
the SHARC 1I bolometer thermistors are doped over nearly the full 1 mm square pixel. An example noise
spectrum using the total power readout is shown in Figure 4. The amplifiers can also be used in a
conventional DC-biased configuration with optical chopping by turning off the modulator and demodulator.

RECENT DARK, COLD MEASUREMENTS
The SHARC 1l array was tested cold for the first time the week beginning March 25. An aluminum cover
was placed on top of the detector radiation shield (Figure 2). Only one readout drawer was available; the

first 4 rows of the array were read with a JFET dissipation 1/3 of the amount required to read the full array.
For this configuration, the thermal performance (Table 1) met the design goal.

Table 1: Measured thermal performance of bolometer array, 432 readout (30 mW dissipation)

4.2K LHe bath 1.5K LHe bath
Temperature of *He fridge 354 mK 299 mK
Temperature of detector 367 mK 307 mK
Temperature of JFET board 123K 123 K
Temperature of readout box 4.8 K 28K
Temperature of load resistors 6.3 K 52K
Heat load from detector on "He fridge 4 pW 2 pW

The measured electrical .Propertics of the first row of bolometers are reported in Table 2 and Figure 5. The

observed NEP of 5x10""" W Hz"” agrees with the prediction for a bolometer with no radiation load.
Table 2: Measured electrical characteristics of typical bolometer in row 1 of SHARC II array (dark)
Resistance R(T) 550 Q exp[(45.1 K/T)?] ; R(0.5K)=7.0 MQ
Thermal conductance G(T) 1.5nW/K T ; G(0.5 K) = 0.40 nW/K
NEP(electrical) 5x10"" W Hz """ (dark)
Responsivity § 4x10° V/W (dark)
Time constant T, 6 msec
Heat capacity C(0.5 K) 4 pJ/K
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Figure 5: Median noise spectrum for row I olf SHARC II array during dark test. A DC bias was applied.
In the 1-10 Hz signal band, the NEP is 5x10 7 W Hz'". The rise in noise toward ~80 Hz is caused by the
increase in bolometer dynamic impedance Z(w). The rolloff in noise at higher frequencies is caused by
filtering in the amplifier and A/D system. Although 60 Hz harmonics are visible, the remainder of the
spectrum is free from discrete features due to, for example, microphonics.




SHARC 11 CAMERA

The SHARC II instrument was tested with a small array of pop-up bolometers (“SHARC 1.5™) at the CSO
in September 2000 (Figure 6). The camera had a high quantum efficiency and demonstrated the suitable
imaging characteristics of the bare bolometer arrays for submillimeter astronomy. Our current plan is to
commission the 12x32 SHARC II array during the remaining months of 2002 and to offer the instrument as
an observatory facility in 2003. (See Table 3.)

Table 3: SHARC Il instrument characteristics

array format 12x32 (1 mm) bolometers
pixel scale 4.6"" (0.65 A/D)
bandpass 350 um + 25 pm (HWHM)
resolution 8§ FWHM
field of view 2.5 %09
NEFD (predicted, best 25% of winter nights, 1.3 airmasses) <lJys'"”
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Figure 6: Image of the Orion Nebula obtained with a 13-element prototype bolometer array in September

2000. The observing method employed conventional optical chopping and DC-biased bolometers.
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Figure 11. SHARC II 350 um images of planets from July 2002. The contour intervals are 90%, 70%, 50%, 30%, 20%,
10%, and 5%. The disks at lower right show the physical extent of the planets at the time of observation. Venus was
observed at 2.1 airmasses, Saturn at 1.7 airmasses, and Uranus at 1.5 airmasses.
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Figure 9. Photon-noise NEP, detector NEP, and background-limited NEFD as a function of atmospheric opacity. The
photon NEP is fairly constant over the range of atmospheric conditions so that the slope of the NEFD is dominated by
the atmospheric extinction 7(350 um) ~ 25 7225GH.. The detector NEP (which includes the 7x10~!" W Hz~*/? from
internal radiation; §7.1) is approximately one third of the photon NEP, meaning that it inflates the system noise by only
~5%. The vertical lines show the quartiles of the Mauna Kea atmospheric opacity distribution for winter nights.
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Figure 10. Observed NEFD for SHARC II at 350 um for a scanned observing mode without chopping. The 1/f noise
is lower for pixels separated by 18" (bottom trace) than it is for pixels separated by 74" (top trace), which we attribute

to variable gradients in sky emission.
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